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I 

A Method f o r  E v a l u a t i n g  a Hier- 
a r c h i c a l  Schedule  of As t ronau t  FROM: M. A .  Robinson 
Tasks .  Case 103-2 

TECHNICAL MEMORANDUM 

INTRODUCTION 

I n  many s p a c e  mis s ions ,  i t  i s  d e s i r a b l e  t o  maximize 
t h e  accomplishment of a s e t  of t a s k s  d u r i n g  a p a r t i c u l a r  m i s -  
s i o n  phase .  I n  s c h e d u l i n g  t h e  t a s k s  t o  be accompl ished ,  i t  
i s  o f t e n  u s e f u l  t o  d e f i n e  a s e t  of r e q u i r e d  t a s k s  and a s e t  of 
o p t i o n a l  t a s k s ,  t h e  l a t t e r  t o  be performed b m  a s t r o n a u t  i f  
t h e r e  i s  -ava i lab le  between t h e  comple t ion  of t h e  s e t  o f  
r e q u i r e d  t a s k s  and  t h e  end of t h e  miss ion  g h a s e .  Fur thermore ,  
t h i s  i i h i e r a r c h y "  may nave s e v e r a l  l e v e l s ,  w l t h  v a r i o u s  r d e s  
f o r  pe r fo rming  t a s k s  a t  d i f f e r e n t  l e v e l s .  

The pu rpose  of t h i s  memorandum i s  t o  d e s c r i b e  t h e  
" O p t i o n a l  Task S i m u l a t o r , "  a computer program f o r  e v a l u a t i n g  a 
h i e r a r c h i c a l  s c h e d u l e  of t a s k s .  A s p e c i a l  f e a t u r e  of t h e  s i m -  
u l a t o r  i s  t h a t  each  t a s k  i s  a l lowed to t a k e  on any performance 
t i m e  d . i s t r i b u t i o n  ( n o t  n e c e s s a r i l y  n o r m a l ) .  
y i e l d s  t h e  f o l l o w i n g  in fo rma t ion :  

A s i m u l a t i o n  run  

1. The p r o b a b i l i t y  of pe r fo rming  t h e  r e q u i r e d  t a s k s .  
2. The p r o b a b i l i t y  of per forming  t h e  o p t i o n a l  t a s k s .  
3. The t i m e  d . i s t r i b u t i o n s  a s s o c i a t e d  wi th  t h e  r e q u i r e d  

4. The t ime d . i s t r i b u t i o n s  a s s o c i a t e d  w i t h  t h e  o p t i o n a l  

5. The d i s t r i b u t i o n  of "ove r runs"  ( e x c e e d i n g  t h e  nom- 

6 .  The d i s t r i b u t i o n s  of time n o t  used .  

t a s k s .  

t a s k s .  

i n a l  end of  t h e  s c h e d u l e ) .  

THE TASK HIERARCHY 

I n  o rd . e r  to d.emonstrate t h e  a c t i o n  of t h e  s i m u l a t o r ,  
t h r e e  l e v e l s  of t a s k s  were def ined.  a s  f o l l o w s :  

A .  Requi red  Tasks .  T h e s e  t a s k s  a r e  regarded .  a s  essen-  
t i a l  to t m c c e s s  of t h e  m i s s i o n  and,  t h e r e f o r e ,  
must be  performed d u r i n g  t h e  m i s s i o n  i n t e r v a l  under  
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c o n s i d e r a t i o n .  In  t h e  examples g i v e n  i n  t h e  Appen- 
d i c e s ,  s u r f i c i e n t  t i m e  was a l l o c a t e d  to i n s u r e  t h a t  
t h e  r e q u i r e d  t a s k s  would always be per formed.  

B. O p t i o n a l  Tasks  - Exper iments .  These t a s k s  a r e  of 
second o r r o f  importance ( a s  f a r  a s  t h e  s i m u l a t o r  
i s  conce rned)  and a r e  performed i f  t h e r e  i s  s u f f i -  
c i e n t  t ime l e f t  over  between t h e  comple t ion  of t h e  
r e q u i r e d  t a s k s  and t h e  end of t h e  m i s s i o n  phase  
unde r  c o n s i d e r a t i o n .  I n  t h e  examples g i v e n  i n  t h e  
Appendices,  s u r f  i c i e n t  t ime was a l l o c a t e d  to 
perform most, but not  a l l  of t h e  E y e r i m e n t s .  
Another  f e a t u r e  of  t h e  Exper iments  i s  t h a t  t h e y  
c o n s i s t  of s e t s  of s u b - t a s k s ,  which a c c o r d i n g  
to t h e  ground r u l e s  we imposed, must b e  performed 
a s  a whole ( e n t i r e  t a s k )  or n o t  a t  a l l .  It should 
be  n o t e d  a t  t h i s  p o i n t  t h a t  t h e  s i m u l a t o r  i s  ve ry  
f l e x i b l e  i n  s t r u c t u r e  acd ,  t h e r e f o r e ,  o t h e r  ground 
r u l e s  can b e  i n c o r p o r a t e d  into i t .  

C .  O p t i o n a l  Tasks  - Misce l l aneous .  'These t a s k s ,  
g e n e r a l l y  01' s h o r t  d u r a t i o n ,  a r e  per f  armed. when- 
e v e r  t ime i s  a v a i l a b l e  i n t o  which a n  Experiment ,  
by v i r t u e  of i t s  g r e a t e r  d u r a t i o n ,  cannot  f i t .  

RULES FOR PERFORMING OPTIONAL TASKS 

A s  mentioned above, s u f f i c i e n t  t ime was a l l o c a t e d  f o r  
s c h e d u l i n g  a l l  of t h e  r e q u i r e d  t a s k s .  During each  " t r i a l "  ( t h e  
number of t r i a l s  i s  d e t e r m i n e d  a t  t h e  b e g i n n i n g  of a s i m u l a t i o n  
r u n ) ,  t h e  s i m u l a t o r  "performs" t h e  r e q u i r e d  t a s k s  by s e l e c t i n g  
a random performance t ime f o r  each  of t h e  t a s k s  w i t h i n  t h e  
l i m i t s  of i t s  performance t i m e  d i s t r i b u t i o n .  The t ime  t h a t  
i s  l e f t  o v e r  between t h e  comple t ion  of t h e  l a s t  of t h e  r e q u i r e d  
t a s k s  and t h e  end of t h e  mis s ion  phase  can be used  to s c h e d u l e  
o p t i o n a l  t a s k s .  

We have d e f i n e d  two a l t e r n a t e  r u l e s  f o r  sched .u l ing  
a n  o p t i o n a l  t a s k :  

1. The maximum of i t s  per formance  t ime d i s t r i b u t i o n  
(or t h e  sum of t h e  maxima of t h e  s u b - t a s k  d . i s t r i -  
b u t i o n s )  i s  l e s s  than  o r  e q u a l  to t h e  a v a i l a b l e  
f r e e  t ime. 

2. The mean of i t s  performance t ime  d i s t r i b u t i o n  (or 
t h e  3TZTof t h e  means  of t h e  s u b - t a s k  d . i s t r i b u t i o n s )  
i s  l e s s  t h a n  or equa l  to t h e  a v a i l a b l e  f r e e  t ime .  
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I n  a d d i t i o n ,  t h e r e  a r e  two a l t e r n a t e  r u l e s  of 
"sequence ,"  namely t h e  o r d e r  for examining t h e  o p t i o n a l  tas1:s 
for p o s s i b l e  i n c l u s i o n  i n  t h e  s c h e d u l e  of a c t i v i t i e s .  These  
r u l e s  a r e  a s  f o l l o w s :  

1. S t r i c t l y  S e q u e n t i a l  - t a k i n g  t h e  o p t i o n a l  t a s k s  
i n  a Tixed o r d e r ,  first to l a s t .  

2. Sequent ia l /Tempora l  - t a k i n g  t h e  o p t i o n a l  t a s k s  
i n  o r d e r ,  a s  above;  however, if t h e r e  i s  n o t  
enough t i m e  t o  perform a n  o p t i o n a l  t a s k  i n  i t s  
c o r r e c t  o r d e r ,  t h e  s i m u l a t o r  w i l l  examine t h e  
s u c c e s s i v e  t a s k s ,  and t h e  f i r s t  o p t i o n a l  t a s k  
t h a t  w i l l  f i t  i n t o  t h e  a v a i l a b l e  t i m e  w i l l  be  
performed.  

S e v e r a l  combinat ions of r u l e s  were used  f o r  pu rposes  
of i l l u s t r a t i o n .  For performing  t h e  Exper iments ,  t h e  f i r s t  

Misce l l aneous  %sks  9 t h e  first example made u s e  of Rule lB, 
x h i l e  t h e  second example made u s e  of Rule  2B. We have desig- 
n a t e d  t h e  combina t ion  of r u l e s  used i n  t h e  f i r s t  example 
(Appendix A )  a s  C r i t e r i o n  1, and t h e  c o r r e s p o n d i n g  s e t  of  r u l e s  
f o r  t h e  second example (Appendix B )  a s  C r i t e r i o n  2. 

example {Appendix A made use of Rule  lA, w h i l e  t h e  second 
example ,Appenc?ix made use  of Riile 2A. F o r  pe r fo rming  t h e  

RESULTS OF THE SIMULATION RUN 

A s  was mentioned e a r l i e r ,  t h e  s i m u l a t o r  can a c c e p t  
any  t y p e  of t ime d i s t r i b u t i o n  f o r  t h e  t a s k s ,  i n c l u d i n g  s i n g l e  
e s t i m a t e s  ( c o n s t a n t s )  f o r  t h o s e  t a s k s  whose performance t i m e  
d i s t r i b u t i o n  i s  n o t  known. For p u r p o s e s  of i l l u s t r a t i o n ,  we 
have  s imply  a s s i g n e d  " r e c t a n g u l a r "  d i s t r i b u t i o n s  to t h e  t a s k s  
( see  Table  I ) ,  and t h e s e  d i s t r i b u t i o n s  a r e  d e s c r i b e d  b y  a mean 
and a sp read  abou t  t h e  mean i n  e i t h e r  d i r e c t i o n .  Thus, t h y  
f i rs t  Requirred Task h a s  a time d i s t r i b u t i o n  e x t e n d i n g  from 800 
t o  1600 u n i t s  ( s e c o n d s ) .  

s u b - t a s k s  which, a s  n o t m r l i e r ,  must b e  per formed a s  a 
whole t a s k  or n o t  a t  a l l .  T h i s  means t h a t  i n  d e t e r m i n i n g  
whe the r  to s c h e d u l e  a n  Experiment,  t h e  s i m u l a t o r  u s e s  a s  a 
c r i t e r i o n  e i t h e r  t h e  sum of t h e  means o f  t h e  s u b - t a s k s  o r  t h e  
sum of t h e  maxima of t h e  sub - t a sk  d i s t r i b u t i o n s .  However, 
once  t h e  s i m u l a t o r  h a s  decided to "perform" t h e  Experiment ,  
i t  samples  from each  sub- t a sk  d i s t r i b u t i o n ,  j u s t  a s  i t  does  
i n  t h e  c a s e  of t h e  Required Tasks and t h e  O p t i o n a l  Tasks  - 
M i s c e l l a n e o u s .  

The O p t i o n a l  Tasks  - Exper iments  c o n s i s t  of sets of 
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The p r o b a b i l i t i e s  o f  pe r fo rming  t h e  v a r i o u s  t a s k s  
under  t h e  two c r i t e r i a  a r e  g iven  i n  Tab le  11. S i n c e  we have 
a l l o c a t e d  s u f f i c i e n t  t ime  t o  pe r fo rm a l l  of t h e  Requi red  Tasks,  
we s e e  t h a t  t h e  p r o b a b i l i t y  for each  i s  1 .00.  The p r o b a b i l -  
i t i e s  f o r  pe r fo rming  t h e  Experiments  d i f f e r  u n d e r  t h e  two 
c r i t e r i a .  These p r o b a b i l i t i e s  must b e  c o n s i d e r e d  i n  conjunc- 
t i o n  w i t h  t h e  d i s t r i b u t i o n s  o f  " t ime n o t  used" ( T a b l e  111), 
and " t i m e  ove r run"  (Tab le  I V ) .  It can  b e  s e e n  t h a t  i n  t h e  c a s e  
of C r i t e r i o n  2 , t h e  p r o b a b i l i t y  of pe r fo rming  t h e  Exper iments  
i s  g r e a t e r ,  b u t  t h e r e  i s  also a g r e a t e r  p r o b a b i l i t y  of over- 
r u n n i n g  t h e  end of t h e  mission i n t e r v a l .  Which c r i t e r i o n  i s  
b e t t e r  i s  a m a t t e r  of  t h e  " u t i l i t y  f u n c t i o n , "  w e  a r e  u s i n g .  
I f  we d a r e  n o t  ove r run  t h e  schedule ,  c l e a r l y  C r i t e r i o n  1 i s  
s u p e r i o r .  
t h e  end of t h e  schedu le ,  b u t  a r e  q u i t e  concerned a b o u t  making 
f u l l  u s e  of t h e  a v a i l a b l e  time, C r i t e r i o n  2 i s  s u p e r i o r ,  s i n c e  
t h e r e  i s  less  time n o t  used ( w a s t e d j .  

The p r o b a b i l i t i e s  of per fo rming  t h e  O p t i o n a l  Tasks  - 
M i s c e l l a n e o u s  cannot  be  i n t e r p r e t e d  i n  terms of  t h e  two c r i t e r i a .  
Although t h e  p r o b a b i l i t i e s  a r e  c o n s i s t e n t l y  h i g h e r  unde r  
C r i t e r i o n  1, i t  must a l s o  be n o t e d  t h a t  t h e  p r o b a b i l i t i e s  of 
pe r fo rming  t h e  O p t i o n a l  Tasks - Exper iments  a r e  lower  unde r  
t h i s  c r i t e r i o n ,  t h u s  y i e l d i n g  more t ime f o r  pe r fo rming  t h e  
Misce l l aneous  Tasks .  It should be  no ted  t h a t  i n  any s i m u l a t i o n  
scheme i t  i s  d i f f i c u l t  to determine  which f a c t o r s  a r e  t h e  cause  
of c e r t a i n  e f f e c t s .  T h i s  can o n l y  b e  de te rmined  by a permuta- 
tion of a l l  r e l e v a n t  f a c t o r s  a l o n g  t h e i r  e n t i r e  r a n g e .  

If we a r e  n o t  o v e r l y  concerned  w i t h  o v e r r u n n i n g  

-- 

SOME CONCLUDING REMARKS 

The r e s u l t s  of t h i s  s t u d y  p o i n t  to t h e  development 
of a n  " i n t e r a c t i v e "  (man-computer) s c h e d u l i n g  sys tem f o r  a 
h i e r a r c h y  of t a s k s .  Under t h i s  concept  of s c h e d u l i n g ,  t h e  
p e r s o n  ( u t i l i z i n g  a n  on - l ine  remote c o n s o l e )  would e n t e r  i n t o  
t h e  computer v a r i o u s  l e v e l s  o f  t a s k s  w i t h  t h e i r  per formance  
t i m e  d i s t r i b u t i o n s ,  a s e t  of r u l e s  f o r  c u t t i n g  a c r o s s  t h e  
l e v e l s  of t h e  t a s k  h i e r a r c h y ,  and a n  i n d i c a t i o n  of t h e  p o i n t  
i n  t h e  d i s t r i b u t i o n s  to b e  u s e d  a s  t h e  t ime r e f e r e n t .  The 
s i m u l a t i o n  program would g e n e r a t e  t h e  d a t a  from which a n  a s s e s s -  
ment of t h e  s c h e d u l e  could  b e  made, and by i n t r o d u c i n g  appro- 
p r i a t e  changes,  t h e  schedule  c o u l d  be  improved (assuming it  i s  
n o t  o p t i m a l  i n  t h e  f i r s t  p l a c e ) .  

Another ,  and  p o s s i b l y  more i m p o r t a n t ,  a p p l i c a t i o n  o f  
t h e  s i m u l a t o r  i s  i n  t h e  a n a l y s i s  of t h e  e f f e c t s  of v a r i o u s  
a s p e c t s  of t h e  s p a c e  environment upon a s t r o n a u t  per formance .  
F o r  example, i n  t h e  case  of hypoxia  (oxygen d e p r i v a t i o n ) ,  t h e r e  
i s  n o t  o n l y  a d e t e r i o r a t i o n  i n  t h e  q u a l i t y  of performance,  b u t  
a change i n  t h e  "t ime domain" i t s e l f .  3ven  s imple  tasks, such  
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a s  t h e  w r i t i n g  of numbers, a r e  found to r e q u i r e  p r o g r e s s i v e l y  
l o n g e r  t imes .  It i s  conce ivab le  t h a t  space  env i ronmen ta l  f a c -  
t o r s  a f f e c t  t h e  n a t u r e  of performance t ime d i s t r i b u t i o n s  f o r  
v a r i o u s  t a s k s ,  and. t h a t  changes i n  t h e  d i s t r i b u t i o n s  a r e  
c r i t i c a l  i n d i c a t o r s  of impending changes i n  t h e  q u a l i t y  of 
performance.  The s i m u l a t o r  could be used to i n v e s t i g a t e  t h e  
v a r i o u s  p a r a m e t e r s  of record.ed a s t r o n a u t  per formance ,  and 
u l t i m a t e l y  might  be t i e d  i n  t o  t h e  r e a l - t i m e  m o n i t o r i n g  of 
b iomed ica l  and  performance f a c t o r s .  
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TABLE I 

PERFORMANCE TIME DISTRIBUTIONS FOR 

THE VARIOUS TASKS AND SUB-TASKS 

Type of Task 

Requi red  Tasks* 
1 
2 
3 
4 

O p t i o n a l  T a s k s  - 
Exper iments  

l a  
b 
C 

2a 
b 

d 
C 

3a 
b 
C 

O p t i o n a l  T a s k s  - 
Misce l l aneous  

1 
2 
3 
4 
5 
6 

Mean 

1200 
800 
600 
800 

400 
50 
150 

200 
150 
25 
25 

300 
100 
50 

10 
40 
20 
80 
40 
10 

Spread  

400 
400 
200 
200 

50 
20 
50 

60 
100 
5 
5 

50 
10 
10 

5 
10 
10 
40 
10 
5 

* The sum of t h e  means of t h e  Requi red  Tasks i s  3400 seconds,  
and. t h e  maximum performance t ime  i s  4600 seconds .  The l e n g t h  
of t h e  m i s s i o n  i n t e r v a l ,  for purposes  of s i m u l a t i o n ,  was a l s o  
s e t  a t  4600 seconds,  so t h a t  on t h e  ave rage ,  t h e r e  would be 
1200 seconds for t h e  performance of Op t iona l  Tasks.  
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TABLE I1 

PROBABILITY OF PERFORMING VARIOUS TASKS 

UNDER TWO DIFFERENT CRITERIA 

~~ ~ 

Type of Task 

Required. Tasks  

1 
2 
3 
4 

O p t i o n a l  Tasks  - 
Exper iments  

1 
2 
3 

O p t i o n a l  Tasks  
Misce l l aneous  

~~ 

P r o b a b i l i t y  of Performing  Tasks  

C r i t e r i o n  l* 

1.00 
1.00 
1.00 
1.00 

91 
57 
.16 

1.00 
1.00 
99 
-89 
91 
99 

C r i t e r i o n  2** 

1.00 
1.00 
1.00 
1.00 

* 94 
.58 
31 

. 9 2  

.88 
97 
67 
-65 
.81 

* Summarized. from t h e  F a c i l i t y  U t i l i z a t i o n  Tab le ,  p .  A - 4 .  

** Summarized. from t h e  F a c i l i t y  U t i l i z a t i o n  T a b l e ,  p .  B-4. 
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~~~ 

Cumulat ive 
Pe rcen tage  of 
D i s t r i b u t i o n s  

50% 
7 Ea;! 

I J/" 

90% 

TABLE I11 

~~ 

C r i t e r i o n  1" 

70 

190 

360 I 

DISTRIBUTION OF TIME NOT USED I N  PERFORMING THE VARIOUS 

TASKS UNDER TWO DIFFERENT CRITERIA 

* Summarized. from T a b l e  6, p .  A - 8 .  

** Summarized. from Tab le  6,  p .  B-8. 

~~ ~~ 

C r i t e r i o n  2** 
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TABLE I V  

DISTRIBUTION OF TIME OVERRUN I N  PERFORMING THE VARIOUS 

TASKS UNDER TWO DIFFERENT CRITERIA 

Cumulative 
Pe rcen tage  of  
D i x  t r i b u t  i o n s  

50% 

7 5% 
90% 

50% 

7 5% 
90% 

C r i t e r i o n  l* C r i t e r i o n  2** 

30 

50 

70 

* There a r e  no ove r runs  under  C r i t e r i o n  1. 

** Summarized from Tab le  7, p .  B-8. 
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APPENDIX A 

I n  r e c e n t  y e a r s ,  a number of " h i g h e r  o r d e r "  computer 
l anguages  have  been  developed. to f a c i l i t a t e  t h e  implemen ta t ion  
of s i m u l a t i o n  schemes such a s  t h e  one d e s c r i b e d  h e r e .  These 
l anguages  e n a b l e  t h e  u s e r  t o  wr i te  a s i m u l a t i o n  program i n  
terms of a s p e c i a l  r e p e r t o r y  of  o p e r a t i o n s ,  which t h e  computer 
t r a n s l a t e s  i n t o  i t s  own (machine)  l anguage .  

The s i m u l a t i o n  language t h a t  most c l o s e l y  cor responded 
t o  o u r  r e q u i r e m e n t s  was judged to be t h e  IBM Genera l  Purpose 
Systems S i m u l a t o r ,  Ver s ion  I1 (GPSS 11). 
language ,  and  some examples of i t s  a p p l i c a t i o n ,  can b e  found 
e l sewhere  ( R e f e r e n c e s  1, 2 and 3 ) .  A l a t e r  v e r s i o n  of t h i s  
l anguage  i s  a l s o  a v a i l a b l e  (GPSS 111), which e x t e n d s  t h e  r e p e r -  
t o r y  of o p e r a t i o n s  f u r t h e r ,  and d e s c r i p t i o n s  of t h i s  v e r s i o n  
a r e  a l s o  a v a i l a b l e  (Refe rences  4 and  5). 

A d e s c r i p t i o n  of  t h e  

The s i m u l a t i o n  program f o r  " p e r f o r v h g "  t h e  t a s k s  
unde r  C r i t e r i o n  1 i s  l i s t e d  on pages  A - 2  to A-4 ( u p  to t h e  
START s t a t e m e n t ) ,  and t h e  r e s t  of t h e  l i s t i n g ,  t o  A - 8  i n c l u -  
s i v e ,  c o n s i s t s  of t h e  o u t p u t .  S i n c e  t h e  t a b l e s  a r e  n o t  au to -  
m a t i c a l l y  l a b e l e d  b y  t h e  computer, t h e  a u t h o r  added t i t l e s  i n  
p a r e n t h e s e s .  



A-2 

- _ ~ -  ~_ - -  

THE GENERAL PURPOSE SYSTEMS SIMULATOR MARK I 1  -_ - - _- --- 

~ _ _ _ - _ _ _  I E M  VERSION 2 LEVEL 1 0 5 / 2 2 / 6 4  _ _ _ _ _ _ _  _ 

kASHINGTCNv D.C. 

-__ 

X Y 2 SEL NEA N8E MEAN MOD REMARKS __ LOC!L_NA!!E 
JOE OPTIONAL T A S K  SIMULATOR-EXPERIMENT SEO 'MAX' 

4 

4 
_______ ._-__ ____ _ _ _ ~  ~~ 

+REQUIRED TASK L I N E -  F A C I - L I T Y  ' 5 '  
4 

10 o_RIG!NATr 1 ___ 20 1 - 
20 A S S I G N  P8 KLOO 30 

-________- 30 MARK 32 
32 S E I Z E  5 40  
40 HOLD 40 50 1200 400 
50 HOLD 50 60 EO0 400 

I- 

__. 7 2  - R E L E A S E  5 .  -- 7 ! ? - . _ _ _ - - - - - - - - .  __ ._ -_ 
76 TABULATE 1 80 
80 SAVEX 1 M l  90 

I 90 MARK 100 

+OPTIONAL EXPERIMENT BANK 
I + 

I 
- - I  __  100 ASSIGFIp-P1- 31- ~ 102 

102 ADVANCE BOTH 106 500 
?OQ C"uPAP,E _-__- _ _  F Y 2  LE V l  108 -- 

4 

*EXP-1 F A C I L I T Y  '1' 

108 S E I Z E  1 
~ . ~ - ~  oH8-L8 - - 'L-r 0 400 50 

120 HOLD 12 130 50 20 __ 130- HBLu -- rs - - 
140 150 50 

140 RELEASE 1 145 
-A BUL A T t  7 150 

150 SAVEX 2 M l  160 
160 MARK -- 

202 20CF A S 5 I G t T  -- P T - K Z - .  
BOTH 204 500 

204 COMPARE F N 2  L E  v 1  208 

4 

110 - __ 
~- 

. _ _  
zc)o 

____ - - ----- 

4 _ ~- -- 

'--202 ADVANCE 

4 
- .___- -~ 

+ E X P - 2  F K T L T r O  TZ' - 

+ 
2 ~ 8  SEiZ-~-~ -2 _ - 

2 lo 
210 HOLD 2 1  220 200 60 

250 R E L t A S E  2 255 
260 

260 SAVEX 1 M I  270 
' - 2 5 5 -  T A B U L F T F  - J __ 

-~ --- - - - __ _- ___ _ 
302 ADVANCE BOTH 304 500 
304 COMPARE _ _  - F N 2  LE  V 1  308 

4 
__ 

*EXP-3 F A C I L I T Y  '30 
+ 

_- __.__ 308 - SEJZE 3 3 10 
310 HOLD 31 320 300 50 

3.c - _ _  3 30 i o0  i o  320 HOLD - -  

330 HOLD 33 340 50 10 

345 TABULATE 4 350 

_ _ _ ~ _ _  

---- 340 R k L E A S E  - __  3 345 
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. * . 
6 m R 7  P I  604 
6 0 4  ADVANCE 6 0 5  + 4  
6 0 5  T ABULATE 5  6 5 0  
6 5 0  LOOP 8 30 699 
6 9 9  TERUINATE R 

LOC NAME X -. Y 2 SEL NBA NBB MEAN HOD REMARKS __ 
+ 
*OPT,IDNAL TASK L I N E  
1) 

5 0 0  ASSIGN P 1  K 1  5 0 2  
5 0 2  ASSIGN P 4  v1  5 LO 
5 1 0  ASSIGN P 2  K 5 2 5  5 1 5  
5 1 5  ADVANCE BOTH 5 2 0  5 3 5  
5 2 0  COUPARE FN4 .. - LC V I  +2  

5 2 5  HOLO 8 1  5 3 5  10 5 
5 2 6  HOLD 8 2  5 3 5  4 0  10 
5 2 7  HOLD 8 3  5 3 5  2 0  10 
5 2 8  HOLD 8 4  5 3 5  8 0  40 

5 3 5  4 0  10 
--540 

5 2 9  HOLD 
530 HOLD 8 6  10 5 

8 5  . __ _.___T__ 

+ 
5 3 5  ASSIGN P 2  v 2  BOTH 5 3 1  5 4 0  
5 3 7  COUPARE P 2  LE K 5 3 0  5 3 9  
5 3 9  ASSIGN P 1  v3 5 1 5  

+ 
I 5 4 0  ASSIGN P 5 7 4 -  5 5 1  + 

5 4 1  TAB ULATE 6  5 4 2  
5 4 2  SAVEX X 1  KO 5 4 3  
5 4 3  SAVEX x 2  KO 5 4 4  
5 4 4  SAVEX X3 KO 5 4 5  

I 5 4 5  SAVEX X4 KO 5 9 0  
I 5 5 1  ADVANCE BOTH 5 5 3  5 6 6  

5 5 3  COUPARE P5  GE K6OO 5 5 5  
+ 5 5 5  ASSIGN P 5  u 5 6  1 - __ 

5 4  1 
5 6 1  MARK P 7  5 6 4  
5 6 4  ADVANCE .5 

5 6 6  ASSIGN pp PS v5 5 6 6  
569 M A R K  p r  5 7 0  
5 7 0  ADVANCE 5 7 2  .5 
5 7 2  TABULATE 7  5 4 2  

_ _  . -____ 

I 
______ - . 

5 9 0  ADVANCE BOTH 5 9 2  6 5 0  
5 9 2  COMPARE P4  CE K O  603 

I 

-. _. + r  TABLES 5 ,697  .e NUMBER OF T RANsACTIONS 
+ 
7 VARIAB L E  K 4 6 0 0 - m - X 1 - X z - X 3 - X 4  F R t E  m m .  TASKS 

2  VARIABLE P2+K1  TASK LDCATER 
3 VARIABLE P l + K l  F U N m N  T I U E  
4 VARIABLE K52OO-Ml -X l -X2-X3-X4 TABLE VARIABLE FOR T IME . _  

-VARIABLE K6U0- V4 T 1- 
+ 
.FUNCT 10 N FOR EXPERIUENT T IME - MEAN 
+ 

1 FUNC T I O  N  P l  3 
__ 1 6 0 0  2  4 0 0  3 4 5 0  + 

- +FUNCTION FOR EXPERIUENT TIME-MAX . 
2 FUNCTION P 1  3 
1 7 2 0  2  5 7 0  3 5 2 0  



EXP-2 ACTION T I M E  
4 TABLE M l  280 10 30 EXP-3 ACT I O N  T I M E  
5 . . !98LE .~Pl- 0 20  50 T I M E  L E F T  FOR OPT TASKS 
6 TABLE MP7 0 

- - _ _ _ -  3 _ TABLE__  __ M l  . 280 10 40 

10 70 T I M E  NOT U S E 0  

START 

CLOCK T I M E  REL 491312 ABS 497312 

TRANS COUNI_S_ - BLOCIJ T R A N S g O T A L  BLOCK T R A N S t T O T I L  BLOCK TRANS,TOTAL--BLOCK TRANSpTOTAL BLOCK TRANSITOTAL -__ 
10 0 ,  1 20 0 ,  1 30 01 130 3T2 --i5-100 40 o r  100  

- 50 - 0 '- 100 -60--ppp 0 ,  100  70 0 ,  100 72 0 .  100 1 6  0 ,  100 
8 0  0, 100 90  01 LOO 100 0 1 r o T C -  m- 7 ) r - I O r - F  0 1  7 

- 1C8 -____- 0 ,  91 110 0 ,  91  120 01 9 1  130 01 91 1 4 0  01 91 
145 O s  91 01 9 1  160 01 91 200 2 0 2  0 .  91 0. 91 

__ __ . 2 04 01 57--- 208 0 ,  51  2 10 0 ,  57 220  230 01 5 7  oI 5 7  
240 0 9  51  250  0 9  57 255  0 ,  - 5 ~ -  - 2 6 6 - - - F -  57 2 70 01 5 7  

-_ - -. . 300 0, ?!--..-- 302 0 9  __ 51  304  0 ,  16 3oe _.. 01 - 16 310 01 16 
320 0 1  16 330 01 16 3 40 0 9  16 345 01 16 350  01 16 

01 6 0 0  352 0 ,  16 500 0 ,  100 502 0 ,  100 510 0. 100 515 
520 0 ,  578 525 0 ,  100 5 26 0, 100 - 5 3  

540 0 ,  loo---- 54 1 0 ,  100 5 4 r - 7 i - i o - i  543 o* 1 0 0 - 0 ,  LOO 
- 545 0, loo 551  0 ,  100 553  01 100 5 5 5  o* 100 561 0 .  100 

-- 56-4- 0 , ~ O O  566 0 ,  0 568 0 ,  o - - s r o  O* 0 512 0 ,  0 
- 590 0 ,  100 592 0 1  100 6 0 3  0 ,  100 604  01 100 605  0 ,  100 

-- -___ -__ ~ 

-__-- 5 2 7 -  -- 3, 9: 533 3, 99 5 35 3 ,  50:  53? 3. 523 / A  I 0 .  5 0 0  
E%O 

650  0 ,  100 6 9 9  0 ,  1 
- 

- A - " ~ K ~ ~ ~ ~  T T R A N s - ~ - -  -. -- -___ ~- 

(LVJRAGE UTILIZATION OF F A C I L I T I E S )  
FAC IL i7Y AVERAGE tdJMrE R-- 

- 

__ NE--- U T I L I Z A T I O N  E N T R I E S  TIWE/TRANS 
1 . l099-- 91 7 0 . 4 3  - - u o - -  

- 0 4 4 1  57 389 .84  0 0 2 
3 -0144  16 4 4 8 .  50 0 0 

3386.53 0 0 
-7 -_ 0 

-6810 - 

49.82 0 0 

-._____I_ _- .- 

- - 100 _-_  . -  
11 - 0 1 3 8  91 403 .24  

1 3  .0270 91 141.36 

22 -0164  51  143.42 0 0 

______ ---- a- ~ 

- _  * c 0 9 1 _ _ -  - 91 - . 12 

--- 21 -0225  5 1  195.91 0 0 

~ - 23 --2!?029 - __  - __ 57 25.21 . O ~ D - - - - - - ~ -  0 0 __ 
2 4  .GO29 7 1 - 2  5 . 3 0  

- -  31 _______ .OC97 16 300 .31  0 0 
32 -0032  16 98 .06  0 0 
33 -0016  16 50.13 0 0 
40 -2339  100 1163.21 0 0 

0 ---5!L 2LCL 100 831.34  0 
60 - 1 1 8 8  100 ---.a4 

-__ - - 70 -1611  100 801 .14  0 0 
81 .0021 - ~ - -  -I 60- -- ~- 1 0 . 2 2  - ---7 -- - LT ----ez - -!?ce!-- LOO 40 .15  0 0 
8 3  - 0 0 4 0  99 20 .01  0 0 

--__ 84 - 8 9  78 .19  0 0 
-b 

.0140 

~- 

_____ --a --_---____ 

_ _  

n __ --__ 
e 5  0014 91 40.34 
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- -_ -_ --- - _ _  TABLE NUMBER 2 (ACTION TIME FOR EXPERIMENT 1) _ -  
E N l R I E S  IN TABLE . MEAN ARGUMENT STANDARC DEVIATION-. 

~ __  
NON-WE 1 GHTED 91 600.429 43.957 

_ _  - - - - - - 
OKSE R VED -- - PER CENT CUMULATIVE C U i m r n V E  MULTIPLE DE V I  AT1 ON UPPER 

F REOUENCY L I M I T  
400 0 .oo .o 100.0 .799 -2.740 

.oo -0  100.0 - -- - ~ -816 _____ -2.512 0 4 90 
500 0 .oo .O 100.0 .833 -2.285 

0 .oo .o 100.0 . 849 -2.057 51 0 
520 --p-p-p- 

__-__- 95.6 -___ -883 -1.602 
540 6 6.59 11.0 89.0 .E99 -1.375 

- . - - . __ . - 5 5 0  - 4 ___ 4.40 ~ 15.4 04.6!- -916 -1.147 
4-- 4.40 19.8 80.2 -933 -. 920 560 
9 9.89 29.7 70.3 -949 -. 692 5 70 
4 4.40 34.1 65.9 -966 -. 465 580 

600 9 9.89 5D.5-- -___- 49.5--- ---.999 
610 5 -  - __ 5.49 560-- 4.0- 1.016 - 
620 

7 7.69 73.6 26.4 1.049 -673 6 3> 640 - -- - 
6 6.59 80.2 19.8 1.066 -900 

6 50 6 
1 87.9 12:T- - --- --l .-O 99 1.355 660 

670 6 
680 

- - 690 

OF ? E A  L- - PERCENTASK_-_ -_ - RE!!AINoER--- OF JEAN_-- FROM MEAN - -  

____.__ . . - - __ - - __ -_ - _ _  

2 2.20 2.2 97.8 -866 -1.830 
- 5 30 - . 2 _ 2.20 4.4 

-__ - . - 

- 590 6 _ _  ! ! - 5 ? L ~ - - -  40.7 59.3 -983 -. 237 ---.. 016 _ _  - - 

-_ .218- _ _  
9 9.89 65.9 34.1 1.033 .445 

_ _  - - - - - __ __ 
_ -  - __ 6.59 l;lo- __ 86.8 13.2 1.083 - 1.128 

- - - -  __ __ . 6 - 5 2  _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  5.5 1.116 1.583 
2 2.20 96.7 3.3 1.133 1.810 __ 
2 2.2_0__ 98.9 

94.5 

--__ 1.1 1.149 2.038 
i 100 .o .o 1.166 2.265 7co 1.10 

_ - _ _  

REMAINING F R t Q U E N C I E S  ARE ALL ZERO 
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- - 1 TABLE-NUM8ER 3 (ACTION TIME FOR EXPERIMENT 2)-  

ENTRIE-S I N  TABLE MEAN ARGUKENT __ - STANDARD O E V I A T I O N  - 
5 7  389.842 66.609 NON- WE IGHTEO 

- - __. - -- __ PER C E N ~  
UPPER OBSERVED CUCUL AT I V E  CU MUKAT 1 V E MULTIPLE- m m i r o N - -  - - - 

. -  L I M I T  FREPUENCY OF 1-OTAL PERCENTAGE- _ _  REMAINDER OF M f A N  FROM - W A N  
280 4 7.02 7.0 93.0 .718 - -1.649 

300 0 .oo 8.8 91.2 .770 -1.349 
-1.199 - f ; ~ ~ ~ -  _ _  3 10 3 5.26 14.0 

320 3 - - -- 5.26 19.3 80.7 

340 0 . 00 22.8 77.2 - 8 7 2  -.748 - 

360 2 3.51 31.6 68.4 ,923 

- - 290 1 - -_ 1: 7 5  __. - - 8.8 __ - _ 91.2 - 7 4 4  -1.499 

-- - -- - ____ _. 330 2 . .  3.51 _ _  22.3- - .- 77.2 ,846 -9898 

.795 . K2 1 - - ---__ 
--2.!!_.O_ _ _  - - . - --- -_-__ - - I_ - 

-. 598 
- .448-  - 

- 370 __ .- - _- __ 2 _. - 3.51 35.1 64.9 .949 -.298 

.002 
400  4 56.1 43.9 1.026 
4 1 0  - --2_. ~ -2 LL-. 59,6 40.4 1.052 - 3 0 3  
420 3 5.26 64.9 35.1 .453 

--- -4 30 _ _  __ - 2 3.51 68.4 31.6 1.103 .603 
440  5 8.77 17.2 2 2 ; B - - - 1 - . 1 2  ,F- I53 

- - 350  _ .  3 _ _ _ _  5 - 2 6  . _._ -_28- - 71.9 .898 - 

380 7 12.28-----.----- 47.4 - Fz6-  - -- ; 9 7 5 - -  - .Tm------ -- ----- - -. 159 .-.- -. - 390 _ _  . 1 ;: ;; - cs. ?--. -_ - 50.9 1.000 

1-017 - -  -__ ~ 

2 3.51 _ _  80.7- 19.3 1.154 -903  
3 5 . 2 b -  - -  8 6 -0  14.0 1.180 - -T;m--- -- -- -- 

1 - . --_ 1.75 - - -. - .~ 87 .7 12.3 1.206 1.203 
2 3.51 91-.2--- - 8-.8 - - 1.231 -- 

m--- 
2 3.51 __ 94.7 5.3 1.257 1.504 

500 1 1.75 96.5 3.5 1 . 2 8 3  1.654 
- - _  510 - 0 - - - - . o o - - - ~ - _  96.5 3.5 1.308 1,804 

520 0 .oo 96.5- -- -- __ -3 ;5 1.334 - 1.v54----- 
530 - 1 --__ 1.75 loo~6-- 98.2 _-- -- 1.8 -. 1.360 2.104 
540 1 1.75 .O 1.385 - 2.254 

_______-__I_ .__ __ -_I 490-  -__- - 

- _- ~- 

!?EY?i!hl!NC; FREQUEYC!ES ARE A L L  ZERO 

- ~ _-_ (ACTION TIME FOR EXPERIMENT 3)  - --- - ~- _ _  TABLt NUMBER 4 

E N T R I E S  I N  TA8LE REAN ARGUMENT- ___ STANDARD - O E V I A T I O N  - 
448.500 31.452 NON-WEIGHTED- -- - - 

--___ -- M U L f I P C E ~ - -  

16 
-- - __ - 

DE V I  ATION 
FREPUENCY OF TOTAL. - REMA INOER OF MEAN _ _  FROM-_MEAN PERCENTAGE __ L I M I T  

.oo .o 100.0 -647  -5.039 290 
3CO 0 .oo .O 100.0 -4.721 

UPPER OB SERVED PER CENT-- cu rD L AT I v E ~MTA T fVi-- 
- -- - -  

280 0 .oo .O 100.0 -624  -5.357 
.669 -- - -- - . 0 . - . ~ -- - - - - - - .. 

0 .oo .o 100.0 .691 -4.403 
320 0 -00  .O 100.0 - 7 1 3  -4.086 

0 -  __ -00 - __ .O - 100.0 -736  -3.768 __- - 3 30 
340 0 -00 .O 100.0 -758  -3.450 

10 - _ _ _ ~  __--______ __ __ 
- -__ 

0 -00. ~- .O --__ - 100.0 _ _  780 ._ - - - 3 . 1 3 L - - -  ___ - 3 50 
360  0 .oo .O 100.0 - 8 0 3  -2.814 

___- 370  - . 0 .oo .o 100.0 -825  -2.496 
380 0 .oo -0 100.0 -847 -2.178 
390  0 .oo _ _  _ _  20 - - 100.0 -870  
4CO 1 6.25 6.3 93.8 - 8 9 2  -1.542 

4 2 0  2 12.50 25.0 75.0 6936 -. 9Q6-- - --- 

4 4 0  

4 6 0  0 .oo 56.3 43:a-- - r. 026--- -366 

81.3 1.002 
__  - - - _ _ 4 7 0  3 - - - 18.75 - __ - 75.0 2 5 - t -  1.048 -684  

4 8 0  1 6.25 18.8 1.070- 
-__-____ 4 9 0  s o o - ~  .____ 1 6.25 __ 87.5 12.5 1.0Y3 1.319 

- -  - .__ 

- 
~ -1.860 .__- __ . 

- 4 10 1 -  6 - 2 5  . 12.5- - - 87.5 -914- -1.224 

4 30 6.25 31.3 68.8 .959 -.588 

4 5 0  -- 1 _ _ _ _ _ _ _ _ ~  
18.75 50 -0 5a.O .981 - 

,048 ___-_ - 56.3 43.8 1.003 
:- -- __ 

6.25 - 

____ 

1 6.25 93.8 c. 3 1.115 1.637 
510 1 6.25 _ _  100.0 _ _  - - -0  _ _  - 1.137 - _- 1.955 __  REMAINING FREOUENCIES ARE A L L  ZERO - 



) e  1 
A-7 

~~ 

~ _ _  . TAELf NUMBER 5 - _ _  (TIME LEFT FOP_OPT* O!AL_T_A_S_KSL __ _____ ____ - _____ - 
AN- n RG_UW_ENI ___~_2LA!!!!! !DE! ILTE!?L - _ _  - - __ ___ ______ --___ . ENTRIES- LN TABLE 

100 373.110 139.633 NON-WEIGHTED 
- - __  

UPPER----- I_ OBSERVE0 PER CENT CUCULATIVE - CUMULATIVE MULTIPLE O E V l T T l T i N  
--___ L I M I T  FREQUENCY OF J O I A _ L  PE RLENJ L G  E REMAINDER - MEAN 

0 0 .oo -0- 100.0 .OOb -2.672 
~ _ _ _  ---2o- - ~ - 0 --___---__ . 00 .O - . - - - !oo.o-__~ -054  __ -2 .529 

40  0 . 00 .O 100.0 -107 
60 -- 0 .oo .o 100.0 - 1 6 1  -2.242 
80 1 1 .oo 1 .o 99.0 2 14 - 9 

3 
100 - .___ __ 1 ~ - 1.00- 2.0 __ 90-0- - _ _  _ _  -268  -1.956 
120 3 3.00 5.0 95.0 - 3 2 7  __ - 
140 - 3 8.0 92.0 .375 -1.669 3.00 ~ 

160 2 2.00 10.0 9 O;b-- - ~ .419-- 1.526 
180 - 1 1 .oo 11.0 89.0 -482  -1.383 
200 0 .oo 11.0 89.0 536 - 0 

2 40 4 4.00 20.0 80.0 - -- 

-.667 -750 __- 2 8 0  1 1.00 25.0 75.0 
300  4 4.00 29 -0 71.0 -804 -. 524 
320 4 4.00 33.0 67.0 858 - 

39.0 61.0 .911 -.237 340 6 
360 4 4.00 

193 
-- _ _ _ _  - 380 - _- - 6 6-00 49.0 51.0 1.018 - 0 4 9  

400 4 4.00 53.0 -47.7i 1; 072 
4 2 0 ? - -  5 5.00 58 .O 42.0 1.126 -336  

4 40 6- 6.00 64.0 36.0 1.179 479 

- - 2 4 6 0  __ - _ _  9 9.00 73.0 21.0 1.233 -622  
-- 5---- 480 5.00 78.0 22.0 1 .ZBb 166 

__ __ 500 5 5 .OO 83.0 17.0 1.340 - 9 0 9  

540  2 2.00 90.0 10.0 1.447 1.195 

2 2.0@ 05.0 5 .0  1.555 1.482 
600 1 f;da __ 96.0 --.OF. 6 0  8 1.625 
5 80 

9 r.0 1.911 
620 1 1.00 97 -0 3.0 1.662 1.768 
640 

FROM MEAN - 

-2.386 ______ 

____ - - -__ _______ - -_ --- _- 

_ _  220 - 5 - 5-00  - ~ 16-0-- - - 84.0 .643 .590 -- - - -1.097 - ~ . - ~ ~ - -  -- 

___ - - 2 60 - 4  -- 4.00 24.0 76.0 _ _  - ,697 -.e10 

__.  -.mp-62----- 6.00- 
4 3 ; r  57.0 - 

- -- _ _ _  

~~ 

5 2 6  - 3- 5 -00 88.0 12.e 1.394 1.05L 

--?m-- - 3 -00 93 -0 1.0 Z.>Ul 1.338 
-- 

_ _  - -__ _ _ _ _  

- - - a  __ --.r -f;(T-- -T.T 
- - - . 

---- -- __ 660 1 1 .oo 98.0 2.0 1.769 2.055 

__ 7CO 2 2.00 100.0 - - - .O --_- -- 1.876 -- ___ 2.341 
6 80-- 0- 

-__ 
R t M A l N I N G  FREPUENCIES ARE ALL ZERO---- 



b 

_____ 

A-8 

ENTRIES I N  TABLE WEAN ARGUMENT_ STANDARD O E V I A T I O N  . __-- 
100 186.620 120.705 NON- WE1 C H T E D  

-- 
UPPER OBSERVED PER CENT CU MU L A T  I V E CUWULAT I V E  WULTfPLE D E V I  A T I O N  

--- - - L I M I T - _  R E 9 3 E C Y  OF TOTAL PERCENTAGE __ !E!!!rNEE - O F  WEAN FROM WEAN 
0 0 .oo .O 100.0 - 000 -1.546 

__- __ 1 1.00 1.0 -99-!L-_ __ 054 -1.463 
-1.380 20 4 4.00 5 -0 95.0 -107 

.__ -20- 6 6.00 11.0 89.0 161 -1.298 
40 6 6.00 17 .O 83.0 -214  -1.215 
50 - - _ _  ~- 3 - 3.00 20.0 80.0 ~ -268  -1.132 
60 2 2.00 22.0 78.0 322 -1.049 

4 4.00 26.0 74 .0  -375 -.966 
80  1 1.00 27.0 73.0 -429  -. 883 
90 1 1.00 28.0 72.0 -482  -. 800 
100 4 4.00 32.0 68.0 536 -. 718 

.oo 32 -0  68.9- .589 -. 635 
120 1 1.06 33.0 67.0 -643  

- - -_ -. 1 3 0 _ _  - ~ - 4 4.00 37.0 63 .0  -697  -.469 
140 2 2.00 39.6 61.0 750 -.386 

_ _  - 150 4 4.00 43.0 57.0 - 804 -. 303 
160 -- ---o 00 43.0 5 1.0 857 - 

965 
1 1 .oo 44.0 56.0 -911  -. 138 

1 8 0  3 3.00 47.0 55; 0 -.055 

111 
3 3.00 50.0 50.0 1.018 .028 
4--- -- 4.00  54.0 46.0 

190 
200 1.072 

-- __ 3 3.00 57.0 43.0 1.125 -1Y4 
220 3 3.00 60.0 40.0 1.179 -277  

240 - 7--- 3.00 66 -0 3 4 . 7  1 -286  . 4 4 7  -~ 
250 1 1.00 67.0 33.0 1.340 - 5 2 5  

-1- ~ 1.00 5 8 . F  -~ 32.0 -7,393 -600  260 
- -- __ - 2 70  2 2 .00 70.0 30.0 1.447 .691 

-28U -- -6 6.00 76 -0 24.0 1.5uu . i l S  
290 4 4.09 80 .a L"." -n n 1.554 ~ R56 

- 

- - __ 

- -- 70 _ -  - _. _ _ ~ _ _ _ _  _ _  - - __ - 

______ -- - - 0 
- ___  __ _.___ - 110 - - -  

___- ~ 
- . .  _ _  170 - - _. - __ 

__ -~ - _ _  

2 1 0 - _ -  ___ 
- 230 3 3.00 63.0 37.0 1.232 -359  

______ - -  

1.00 300 --r -- a l . O  1 9 . 5 -  ~- Lis08  939 

2 .oo 86.0 14.0 
310 3 3.00 84.0 16.0 1.661 1.022 

7-71> 1.105 
1.00 87 .O 13.0 1.768 1.188 

3m - 2 

340 2 2 . 0 0 - P  1.271 
350 0 . 00 89.0 11.0 1.875 1.354 
3 6 0 - - -  -- 2 2.00 91.0 9 . 0 - - x m - - 1 . 4 3 6  ~~~ 

2 2.00 93.0 
- _  - 370 0 .oo 91.0 9.0 1.983 1.519 

3eo--- - - -  - -r-- L.036 1.602 
- 390 3 3.00 96.0 4.0 2.090 1,685 

96.0 -m - __ 0 .oo 2.143 1.768 

OD 90.0 
- -  410 2 2.00 98.0 2.0 2.197 1.851 

420 - - 0-- - -  7.7-- - 7;251- 1.- 
.oo 98 -0 2.0 2.304 2.016 

-r.2;Jnr--- 2 -099  
430 0 
4 40 - 0  
450 0 .oo 98.0 2.0 2.411 2.182 
460 1 1 .oo 99.0 1.0 2.465 2.265 

100.0 2 - 4 3  
- 4 70 0 .oo 99 -0 1.0 2.518 2.348 

480 1 - -- I ;uDr 2.572 

- - - 

___ - -~ 

- - A  
> J" -_____ 

-- - .  

~- 

___ 
-- 

0 98 -0 2.0 
_ _  

-__-- - -. . _ 

__ ___ 



BELLCOMM, INC. 

APPENDIX B 

The s i m u l a t i o n  program f o r  "per forming"  t h e  t a s k s  
und.er C r i t e r i o n  2 i s  l i s t e d  on pages  B-2 to B-4 ( u p  to t h e  
START s t a t e m e n t ) .  The ba lance  of t h e  l i s t i n g ,  t o  A-8 i n c l u -  
s i v e ,  c o n s t i t u t e s  t h e  ou tpu t  of t h e  s i m u l a t i o n  r u n .  

It shou ld  b e  noted  t h a t  while t h i s  l i s t i n g  c o n t a i n s  
a t a b l e  of "Time Overrun,"  (Tab le  7, p .  B - 8 ) ,  t h e  l i s t i n g  i n  
Appendix A does  n o t .  T h i s  i s  because  t h e r e  were no o v e r r u n s  
i n  t h e  p r e v i o u s  example, and t h e  computer does n o t  o r d i n a r i l y  
p r i n t  o u t  a " n u l l "  t a b l e .  



B-2 a - .  

~ ~ 

______ ___ __ THE GENERAL PURPOSE SYSTEMS SIMULATOR MARK 11 __ -___ 

- .__. I 8 M  VERSION 2 LEVEL 1 05/22/64 

__ - -_ 

*REQUIRED TASK L INE-  F A C I L I T Y  '5' 

__ 10 ORIGINATE 1 20 1 
20 ASSIGN P 8  KlOO- 30 
30 HARK 32 
32 S E I Z E  5 40 
40 HOLD 40 50 1200 400 
50 HOLD 50 60 800 400 
60 HOLD 60 70 600 200 
70 HOLD 70 1 2  800 200 
72 RtLEASE 5 76 
76 TABULATE 1 80 

90 8 0  SAVEX 1 M l  

~_ 

~~ 

. _ _  _ _  
90 MARK L O O  

0 

*OPTIONAL EXPERIMENT BANK 

100 ASSIGN P1 K 1  102 
102 ADVANCE BOTH 104 500 
:e4 t G W A P . E  F Y I  LE v 1  108 

~~ 

___ _ ~ 

*EXP- 1 F A C I L I T Y  '1' 
0 

~~ 

108 S t I Z E  1 110 
-HOLD 11 1ZO 4m 50 .-.- u n , n  12 130 50 20 

n o  HOLD 13 16[) 150 5 0  
140 RELEASE 1 145 
145 TABULATE 2 150 
150 SAVEX 2-- Ml  ~ 160 

-160 ~ M A T  200 

200- ATSIGN v1---m - 202 
202 ADVANCE BOTH 204 500 
204 COMPARE F N 1  L E  v1  208 

~~ ~ 

I C Y  .."LI 

___ ~- - 

- _ _  

-__ _ _  _~ 
*EXPz2 T A C  ILIT- 
0 __ ~ _ 
208 S I Z t  z -~ 210 
210 HOLD 21 220 200 60 
220 HOLD 22 230 
230 HOLD 23 240 25 5 
240 HOLD 24 250 25 5 
250 RELEASE 2 255 

150 100 
~ _ _ _ _ _  ~ _- 

_~ 
255 TABULATE 3 2 60 
260 SAVEX 3 M l  270 - 
270 WARK 300 

300 A S S I G  N P l  K 3  302 
0 __- 

*EXP-3 F A C I L I T Y  '3' 

c______ 
308 SEIZE 3 310 
310 HOLD 31 320 300- 

100 lo 320 HOLD 32 330 
330 HOLD 33 340 50 10 
340 RELEASE 3 345 
345 TABULATE 4 350 
350 SAVEX 4 M l  352 
352 MARK 500 

~- 



B-3 - *  * 

LOC NAME X Y 2 S E L  NBA N B B  MEAN MOD REMARKS 
I 

* O P T I O N A L  TASK L I N E  ~ _ _ _ _ ~  __ -- 

502 
502 A S S I G N  P 4  v 1  510 
500  ASSIGN-^--.-- P 1  K 1  - 

510 A S S I G N  P 2  K 5 2 5  5 1 5  
515 ADVANCE BOTH 520 535 I 

520 COMPARE F N 3  L E  V 1  *2 ._____ _ _  .~ 

8 1  535 10 5 
10 

525 HOLD 
526 HOLD 82 535 40 
527 HOLD 83 535 20 10 
5 2 8  HOLD 84 535 80 40 

.___- 

I 
- ~~ 

529 HOLD 85 535 40 10 
5 3 0  HOLD 86 540 10 5 

535 A S S I G N  P 2  v2 BOTH 537 540 
537 COMPARE P 2  L E  K 5 3 0  539 
539 A S S I G N  P 1  v3 515 

540 A S S I G N  P 5 Y 4  5 5 1  

< 

I 

541  T a U L A T E  6 542 
542 SAVEX X 1  KO 543 
543 SAVEX X 2  KO 544 
5 4 4  SAVEX X 3  KO 545 
545 SAVEX X 4  KO 590 
5 5 1  ADVANCE BOTH 553 566 
553  COMPARE P 5  GE K 6 0 0  5 5 5  
555  A S S I G N  P 5  v 1  561  

5 6 1  MARK P 7  564 
564 ADVANCE 5 C r  * 5  

566 A S S I G N  P 5 s  V 568 
5 6 8  MARK P 7  5 70 
5 7 0  ADVANCE - J I G  - _  

542 572  T A B U L A T E  7 

., 

~ 

r..- -c 

_ _ _  -~ + 

... 590 ADVANCE BOTH 592 650 
592 COMPARE P 4  GE- KO 603 

' T I M E  L E F T  FOR O P T I O N A L  TASKS 
+ 

~ 

603 MARK P 7  604 
604 ADVANCE 6 0 5  *4 
605 T A B U L A T E  5 650 
650 LOOP 8 30 699 
699 T E R M I N A T E  R 

4 

* V A R I A B L E  T A B L E  

*PARAMETERS 

* l  USED TASK FOR ~o~~ F U N C T I O k  - LOOKUP 
*2 

~ + 

_ _ _ _ ~  *3 NOT USED 
*4  ---- U S E D  FOR T I M E  L E F T - m R  OPT. TASK T A B L E  
* 5  TIME NOT USED AND T I M E  OVERRUN T A B L E S  
*6 NOT USED 

+ 8  NUMBER OF T R A N S A C T I O N S  
* 7  T A B L E S  5 r 6 r 7  

I) 

1 V A R I A B L E  - K P  R T M  OR SK 
2 V A R I A B L E  P Z + K 1  T A S K  LOCATER 
3 V A R I A B L E  P l + K l  FUNCT I O N  T I M E  
4 V A R I A B L E  K 5 2 0 O - M l - X l - X 2 - X 3 - X 4  T A B L E  V A R I A B L E  FOR T I M E  
5 VAR I A B  L E  K 6 3 7 F W  T I M E  OVERRUN 



E-4 - c .  

*FUNCTION FOR EXPERIMENT TIME-MEAN 

1 FUNCTION P 1  3 
- 1 __ 600 2 -400-2- --450 _ _ _ ~  

*FUNCTION FOR EXPERIMENT TINE-MAX _ _  

2 FUNCTION P 1  3 
720 2 570 3 520 

--- *FUNCTION FOR 0 P T K i M m q E A N  -~ 

3 f UNCT ION 71- 3--- ~ _ _  
10 1 10 2 40 3 2 0  4 80 5 4 0  6 

- *FUNCTION FOR OPTIONAL TASKS MAX 

4 FUNCTION P 1  6 
120 5 1 1 5  2 50 3 30 4 50 6 15 

*TABLES FOR STATIST ICAL PRINTOUTS 

REPUIREO A C T I W  T IME -_ ---- 
1 TABLE ~i z o o o i a r r s o  

-__ - LOC NAME X Y z SEL NBA NEB MEAN MOD REMARKS 
2 TABLE M l  480 10 24 EXP-1 ACTION T I M E  
3 TABLE M l  280 10 40 EXP-2 ACTION T IME 
4 TABLE M l  280 10 30 EXP-3 ACTION T IME 
5 TABLE n p 7  o 20 50 T I M E  LEFT FUR OPT TASKS 
6 TABLE MP7 0 10 70 T I M E  NOT USED 
7 TABLE MP7 0 10 25 T I M E  OVERRUN 

LLUCK TIME REL 484081 ABS 48408 1 

T%WS CnQNrS RLOCK TRANS.TOTAL BLOCK TRANS.TJTAL BLOCK TRANS.TOTAL BLOCK TRANS.TOTAL BLOCK I H A N S . T O ~ & L  
0. - 40 
0 .  100 1 6  0. 100 72 60  0 .  io0 73 
0 .  94 104 0. 100 102 
0 .  9 4  140 0 .  94 130 120 

0 .  94 200 202 0 .  9 4  
0 .  6 8  2 3 0  V .  06 220 2 10 
0. 68 2 70 

310 01 31 304 0 .  31 308 
3 40 

515 0. 100 510 
520 0 .  480 52 5 0. 88 527 0 .  87 528 

539 0 .  500 537 530 0 1  81 535 
541 0 .  81  542  

566 0 .  13 568 
561 0. 87 555 553 

1 
605 0 .  100 604 603 0. 100 

10 0 .  1 20 0. 1 -1 0. ln?? 
SOp__ 0 .  100 
80 0 .  100 90 0 .  100 100 0 .  100 

-I& 0 .  io0 
O. 100 

0 .  9 4  108 0 .  94 110 0 .  94 . Cn c. ?': 1 nn 0 .  94 143 v. ?v I," 
0 .  b8 01 68 204 0 .  68 208 

300- 0 .  6 8  302 0 .  68 
320 0 s  31 330 0. 31 

30 

__. 

240 0 ,  68 250 0 .  68 255 0. 68 260 0 .  - 0 .  3 1  
34 5 0. 31 350 01 31 

0, 6 0 0  
01  6 1  
0. 500 

0 .  87 

0 .  100 

0 .  31 

0. 92 5 26 352 0 .  31 500 0 .  100 502 0 ,  100 

5 2 9 -  0 .  65 
540 0 .  100 

0 .  8 1  
545 0 .  100 551 0 .  100 

590 0 .  100 592 

0 ,  519 

0. 8 1  

0 .  100 

0.  100 543 0. 100 544 0 .  100 

564 0 .  1 3  570 01 13 5 72 o s  I3 

650 0 .  100 699 O s  

AVERAGE NUMBER AVERAGE TRANS STRANS 

.1168 94  601.55 0 0 

.0282 31 439 .71  0 0 

-0780 9 4  401 .78  0 0 
0 

.0291 94  149.80 0 

142.90 0 0 
0 
0 

F A C I L I T Y  
NR 

1 
2 -0557 
3 
5 -7023 

11  
12 
13 
21  -0284 

68 B . 7 5  
23  

31 290.55 0 0 
100.06 

31 .O186 

100 1207.13 
31 49.10 0 0 33 -0031 

4 0  .2495 0 0 
100 795.70 0 0 50 -1644 

6 0  -1232 100 596.32 0 0 
100  799.80 0 0 70 .1652 

-0019 92  9 .93  0 0 81  
.0071 88 38.83 0 0 82  
-0035 8 1  19.24 0 0 8 3  
,0111 6 1  80.16 0 0 84  

85  

81 10.25 0 0 86 -0017 

U T I L I Z A T I O N  ENTRIES T I ME/TAANS 

68 396.54 0 0 

100 3399.55 0 0 

0 
- .0097 9 4  49.98 0 

22  0201 68  68  202.44 0 0 

32 -0064 31 0 0 

- -0036 68  25.46 0 
2 4  -0036 

0 0 
- 

-0054 ~ _ _ -  6 5  40.45 
d i 



TABLE NUHB€R 1 .. (ACTION TIME-FOR REQUIRED TASJS) -- . 

ENTRIES I N  TABLE 
100 
- MEAN ~ ARGUMENT 

3 3 9 9 . 5 5 0 - -  
STANOARO D E V I N  1DN 

387.530 
- -. -- . ___ - 

- - -  TABLE NUMBER 2 

ENTRIES I N  TABLE MEAN ARGUMENT 

-__ - -- - - . (ACTIQN-TIBLFQREXIIERINENT 1 ) - 

STANOARO DEVIATION __.-__. - _  -. -_ - - 
94 601.553 45.760 NON-WEIGHTED 



e c .  B- b 

TABLE NUM6ER 3 (ACTION TIME FOR EXPERIMENT 2 )  

E N T R I E S  I N  TABLE _ _ _ ~  WEAN ARGUMENT STANDARD OEV I A T  I O N  
68 396.544 65.077 NON-WE I GHTEO 

UPPER OBSERVE0 PER CENT CUCULATIVE CUMULATIVE M U L T I P L E  D t  V I A T I U N  
L I M I T  FREQUENCY OF TOTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN 

2 80 2 2.94 2.9 97.1 7 0 6  - 1 
290 1 1.47 4.4 95.6 -731  -1.637 
3 C O  1 1.47 5.9 94.1 -757  -1.484 
3 LO 1 1.47 7.4 92.6 -782 -1.330 
320 3 4.41 11.8 88.2 80 I - 6 

~- 330 3 4.41 16.2 83.8 -832 -1.023 
340 ' 2  2.94 19.1 80.9 857 - 
3 50 6 8.82 27.9 72.1 -883  -. 715 
360 0 .oo 27.9 t2 .1 908 - ~~ ~- 

3 70 5 7.35 35.3 64.7 .933 -.408 
3 80 4 5.88 41.2 58.8 958 - 
390 3 4.41 45.6 54.4 -983 -. 101 
400 9 13.24 58.8 41.2 1 009  053 
410 4 5 . 8 8  64.7 35.3 1.034 -207  
420 4 5.88 70.6 29.4 1.059 360 
4 30 1 1.47 72.1 27.9 1.084 -514  
4 40 0 .oo 72.1 27.9 1.110 668 

I 

4 50 - -  4 - - 5.88 77.9 22.1 1.135 .e21 
460 2 2.94 80.9 19.1 1.160 9 r5 
4 70 3 4.41 85.3 _ _  14.7 1.185 1.129 
480 1 1.47 86.8 13.2 1.210 1.282 
490 1 1.47 88.2 11.8 1.236 1.436 
500 3 4.41 92.6 7.4 1.261 1.590 ~ 

510 1 1.47 94.1 5.9 1.286 1.743 

z;o -___ 
2 2.94 98.5 1.5 1.337 2.051 

- 5 2 0  1- 1.47 95.6 4.4 1.311 1 . t m r  1- 

1.47 100.0 U 1.362 L.LO4 
____ 

.7 

R E M A I N I N G  FREQUENCIES ARE ALL ZERO 

(ACTION TIME FOR EXPERIMENT 3 )  .. - TABLE NUMBER 4 - .- 

- E N T R I E S  I N  TABLE MEAN ARGUMENT STANDARD D E V I A T I O N  
3 r  439.710 27.832 NON-WEIGHTED 

I M U L T I P L E  D E V I A T I O N  UPPER 08 SE RVEO PER CENT CUCULAT I V E  CUMULATIVE 
L I M I T  F R E Q UE NCJ OF TOTAL PERCENTAGE REMA INOER OF MEAN FROM MEAN 

280 0 .oo .o .637 - 8 
290 0 .oo .O 100.0 -660  -5.379 

310 0 .oo -0 100.0 , 705 -4.661 
320 0 .oo .O 100.0 728 - 1 

300 0 .oo .O 100.0 -682  -5.020 

.- 

_ _ _  3 3 L - _  __- ~- - 0 .oo .O 100.0 -750  -3.942 

--_ 3 50 ___ - 0 -  .oo .O 100.0 -796  -3.223 
360 0 .oo .O 100.0 - 8 1 9  -2.864 
3 70 0 .oo .O 100.0 ,841 -2.505 
380 0 .oo 0 100.0 864 - 5 

96.8 910 7 
-1,786 390 0 .oo .O 100.0 ,887 

400 1 3.23 3.2 - 
71.0 955 

410 5 1 6 - 1 3  19.4 80.6 .932 -1.067 
420 3 9.68 29.0 - 
4 30 2 6.45 35.5 64.5 -978  -. 349 
440 6 19.35 54.8 45.2 1.001 010 

-__- 450 460 -- 3 9.68 64.5 35.5 1.023 - 3 7 0  

340 0 -  - .oo .O 100.0 7 7 3  -3.583 

~~ 

~- -. ~ _-  

_ _  

5 16.13 80.6 19.4 1.046 .729 

93.5 6.5 1.092 1,448 
4 70 2 6.45 87.1 12.9 1.069 1.088 
480 2 6.45 
490 0 .oo 93.5 6.5 1.114 1.807 
5 0 0  1 3.23 96.8 3.2 1.137 2.166 

_ _ _  _ _ _ _ ~  

100.0 .o 1,160 2.526 



1 
B-7 

E N T R I E S  I N  TABLE 
100 

WEAN ARGUMENT 
232.420 

-__ _____-__ - _ _ _ ~  STANDARD DEVIATION 
154.914 NO N L ~ H  T E o 

UPPER OBSERVED PER CENT CUMULATIVE CUHULAT I V E  MULTIPLE OE V I  A n  ON 
L * M I T _ - - _  ____ FREQUENCV _. ~ ~ __ _- PERCENTAGE REHA I NDER OF MEAN FROM MtAN OF TOTAL 

0 7 7 .00  7.0 93.0 00 - 0 
_ _ _ _ ~ - _ _ _ .  __ . 

___. 

20 - 2 2.00 9 - 0  91.0 086 -1.371 
40 2 2.00 11,o 89.0 . - 2 
60 4 4.00 15.0 85.0 - 2 5 8  -1,113 
80 3 3.00 18.0 82.0 . - 
100- ~ 8 8 .00  26.0 74.0 ,430 -.a55 

71.0 120 3 3.00 29.0 -0 I26  
140 3 ~ ~ _ _ _ _ _ _  3.00 32.0 68.0 -602 -. 597 
160 3 3.00 35.0 65.0  . 688 

I 

- 
1 8 0  a 8.00 43.0 57.0 . 774 -. 338 

_____ 220 1 1 .oo 46.0 54.0 . 947 -. 080 
240 8 a.oo--- 5 4.0 4K.x ~ __- r.-m--- 049 

200 2 2.00 45.0 5 5 . 0  861 

260 4 4.00 58.0 42.0 1.119 -178 
280- 3 3.00 61.0 39.0 1.205 307 
3 0 0  8 8 .00  69.0 31.0 1.291 436 
320 3 3 .OO 72.0 28.0 1.377 565 

1.463 694 
360 3 3.00 I .  549 824 
380 0 .oo 81.0 19.0 1.635 . 953 
400  2 2.00 83.0 17.0 1.721 1.0tIL 
420 1 1 .oo 84.0 16.0 1.807 1.211 

5 5 .OO 89.0 11.0 1 . 893 1.340 
4 6 0 _ _ _ ~  -_____- 2 2 . 0 0  9l.C Q , O  1.979 1 . 469 
480 4 4.0 95.0 5.0 2.065 1.398 

1 ___ 1 .oo 96.0 4.0 2.151 1.727 
0 .oo 96.0 4.0 2 .ZJt  1.856 
1 1 .oo 97.0 3.0 2.323 1.985 
1 i ,GG 9e-e 7 - 0  2.409 2.115 

_____ 1 __ 1.00 99,O 1.0 2.495 2,244 
0 * 00 99.0 T O T -  2.582 2.373 

620 0 .oo 99.0 1.0 2.668 2.502 
0 . 00 99.0 l.D 2 . 7 5 4  2.631 
0 . 00 99.0 1.0 2.840 2.760 
0 00 99.0 1.0 L. 889 
0 -00 99.0 1.0 3.012 3.018 

1 .oo 7 2 - o ~  I 1 00.0 .-O--- 3.098 5.  1 9  

81.0 19.0 
340 --- 6 ---__-__ 6.00 78.0 22.0 * 

- ~ _ _ _ _ _ _  

2.926 

__ ___.___ 

REMAINING FREQUENCIES ARE ALL ZERO 



I .I . 
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$ 

c 

- 

_ _ -  _____ _ _ _  __ TABLE NUMBER 6 (TIME KO: USED) 

E N T R I E S  I N  TABLE - - CEAN ARGUMENT STANOARD D E V I A T I O N  -- - I_____-_ 

87 97.552 109.952 NON-WE IGHTFO- 

UPPER OKS E R v E o PER C E N T  CUMUL AT I V  E M U L I t P L E  O E V I  A T 1  ON CUMULAT I V E  
L I M I T - -  FREQUENCY OF T O T A L  PERCENTAGE REMAJNOER OF MEA!_ FROM MEAN 

0 3 3.45 3.4 96.6 . lioo -.887 
18 20.69 __ 24.1 75.9 -103  -.796 

8.05 32.2 67.8 -205 -.705 20 
30 6 6.90 39.1 60.9 -308 -.614 
40 5 5.75 44.8 55.2 410 - 
50 3 _-_ 3.45 40.3 51.7 -513 -.432 
60 i 1x5--  - 49.4 -56r-- ~ .mr -.342 
10 5 - -2-15  - 55.2 ~ 44.8 -718 -.251 
80 5 5.75 60.9 - 7 9 ; r -  . 8 4 6  - .I60 

3 
2 1.025 022 

90 3.45 64.4 35.6 -923 -.069 
100 2.30 66.7 33.3 

2 1.30 69.0 31.0 1.128 -113 
- -2- - 2 . 3 0 -  11.3 2 8 ; 1 - -  - I . S b  ~ -204 120 

130 _ - - - o p - ~ - ~  - 0 0  28.7 1.333 -295 
140 1 1.15 72.4 27.6 1.433 
150 1 1.15 13.6 26.4 1.538 -477 
160 2 2.30 15.9 24.1 1.640 568 

la .2  7--- -7m- 2 1 2 -  - 1 x 4 5 - -  180 
190 
200 1 00 5 19.5 2.050 .932 
2 10 3 3.45 83.9 16.1 2.153 1.023 
220 1 1.15 05.1 14.9 2.255 1.114 

2 2.30 87.4 12.6 2.358 1.205 
240 ---- --;Uc-- _- 6T. c 1r.r- - -7.450 -- - - Km------ -- 

2 50 0 - 0 0  07.4 12.6 2.563 1.386 

270 1 1.15 88.5 11.5 2.768 1.568 
280 3 3.45 92.0 8.0 2.870 1.659 
290 1 1.15 93.1 6.9 2.973 

-300-- i - ---T.i5-- 94.3-- -7.T - L;675-- 1.841 
1 1.15 95.4 4.6 3.178 
6-- ~- .r- 95.4 

310 - -_- 
330 0 -00  - 95.4 4.6 3.383 2.114 

350 -___ --: -- 
0 -- 

-- - 

_ _ _ -  - _ _ _ _ _ ~ _ _ _  1 L -  ____-- -  

- - __________ - 

_ _  ~ -_____ - 

- 
-____ - 11%- - 

;5e4----- __ -- - - 
‘1.3 _ ~ _ _ _ _ _ _ _ .  

-659  __ _-- 

-841 _______ 

0 .oo 15.9 24.1 1.743 

1 1.15 19.3 20.7 1.948 

170 ____ 

~ ~ _ _ _  ______ . 1 5 ~ ~ . ~ - - -  _ _  

_ _ _ _ ~  2 3 0 -  - -  

- 

-Ibb--- - 0 -  - .m- - -  - 6 7 . 4 - T . r  - - 7 x 6 7 -  1.477------ - 

1-750 -______. - - 

1-93.? ~ ___-__ - 4.6-- -7Tzw- __-_ 

340 I 1.15 96.6 3.7-- - T 4 8 5  2.205 
2.296 9 7 .  I 2.3 3.588 

v7.7---- z.7 - - 3 FbPJ 0 - 3 6 0  
.oo 97.7 2.3 3.105 2.478 

?$ .-?- 1 . r  - -1.895 m 3 70 
380 
390 0 . 00 98.9 1.1 3.998 L . 0 0 0  
400 op- -00- 9 I.L 6 -  FCCO 2.751 

0 . 00 98.9 1.1 4.203 2.842 
0 -9-.9--- --- 1.1 4.TOF 2.933 

410 - 
.OK- 
9n 98.9 1.1 5.408 3.024 

420 
*JU 
36 0 - --.mr 98.9---- 1.1 

0 . 00 98.9 1.1 4.613 3.205 
460 a-- 00 98.9 1.1 4.715 3.296 
450 ~- 

.oo 98.9 1.1 4.818 3.387 

.7 j7- - - -  --3- -1.1 -z4;j2r - 5;&?5--- - 480 
3.569 5.023 490 

500 0 . 00 98.9 1.1 5.125 3.660 
0 510 . 00 98.9 1.1 5.228 

520 0 . 00 98.9 1.1 -5.3 3 1-- 3.842 
530 0 .oo 98.9 1.1 5.433 3.933 
540 1 1.15 100.0 .O 5.536 4.024 

.-__ . - -- _ _  1.15 
;Or- 
--- -- 
1.13 

~ -- 

____ 
_ _ _ - _  - -- 

7;r-r - -- - ---- - 
.*.,I” 

-- 

-----470 - 0 -~ 

_________p__ - - _ _  98.9 1.1 - L O  -- ___ - 

3.751 - 

R E M A I N I N G  F R E Q U E N C I E S  ARE A L L  ZERO 

_____ --p T A 8 L t  NUMBER 7 - JTIME OVERRUNJ - - - 

_ _ _ _ - _ - -  E N T R I E S  I N  TABLE MEAN ARGUMENT STAFIOERD O E V I A T  I O N  
1 3  32.231 26.606 NON-WEIGHTED __ 

M U L T I P L E  D E V I A T I O N  C U Y U L A T I V E  CUMULAT I V E  
FREQUENCY OF TOTAL PERCENT AGE ~L?WLXp-- OF MEAN FROM MEAN 

0 .oo .o 100.0 .ooo -1.211 
23.08 23.1 76.9 -310 -.e36 

20 15.38 38.5 61.5 -621 -.460 
30 3 23.08 61.5 38.5 -931 -.084 
40 1 7.69 69.2 30.8 1.241 -292  

7.69- 76.9 23.1 1.551 - 6 6 8  
I---- ___ 7.69 84.6 15.4 1.862 1.044 

50 
60 

1 7.69 92.3 7.7 2.172 1.420 
80 .oo 92.3 7.7 2.482 1.795 
90 0 -00 92.3 7.7 2.792 2.171 

100 0 . 00 92.3 7.7 3.103 2.547 
110 1 1.62 100.0 .O 3.413 2.923 

UPPER OBSERVED PER CENT 
__- - --LLMLT--- 

____ _____ 10---3- _- 

-- 

~ ~~ 70 -- __ ____  

-______ - -- _- 
R E M A I N I N G  F R E P U E N Z r E s  ARE Z L L  2mO --- 

I 


